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Abstract

Objectives: Results can vary between different free
thyroxine (FT4) assays; global standardization would
improve comparability of results between laboratories,
allowing development of common clinical decision limits
in evidence-based guidelines.
Content: We summarize the path to standardization of FT4
assays, and challenges associated with FT4 testing in spe-
cial populations, including the need for collaborative efforts
toward establishing population-specific reference intervals.
The International Federation of Clinical Chemistry and
Laboratory Medicine Committee for Standardization of

Thyroid Function Tests has undertaken FT4 immunoassay
method comparison and recalibration studies and devel-
oped a reference measurement procedure that is currently
being validated. Further studies are needed to establish
common reference intervals/clinical decision limits. Stan-
dardization of FT4 assays will change test results substan-
tially; therefore, amajor education programwill be required
to ensure stakeholders are aware of the benefits of FT4
standardization, planned transition procedure, and poten-
tial clinical impact of the changes. Assay recalibration by
manufacturers and approval process simplification by reg-
ulatory authorities will help minimize the clinical impact of
standardization.
Summary: Significant progress has been made toward
standardization of FT4 testing, but technical and logistical
challenges remain.
Outlook: Collaborative efforts by manufacturers, labora-
tories, and clinicians are required to achieve successful
global standardization of the FT4 assays.

Keywords: free thyroxine; immunoassay; reference value;
standardization; thyroid.

Introduction

Thyroid function tests are among the most frequently
requested laboratory procedures [1, 2]; therefore, reliable
assays are crucial for optimal patient care. While a normal
thyroid stimulating hormone (TSH) concentration is usually
adequate to exclude thyroid disease in asymptomatic
patients [3], measurement of free thyroxine (FT4) is relevant
to differentiate subclinical from overt hyperthyroidism [4, 5]
or hypothyroidism [6, 7], and to investigate suspicious
abnormal TSH secretion [2, 4, 8, 9], TSH-secreting pituitary
tumor [10], or thyroid hormone resistance [11]. FT4 can be
measured using various methods in the laboratory. As
99.98% of thyroxine is bound to proteins [12], FT4 assays
must beable to accuratelymeasure the0.02%ofbiologically
active thyroxine that exists as FT4.

*Corresponding author: Luca Giovanella, PhD, Clinic for Nuclear
Medicine and Competence Centre for Thyroid Diseases, Ente
Ospedaliero Cantonale, Bellinzona, Switzerland; and University
Hospital and University of Zurich, Via A. Gallino 12, 6500 Bellinzona,
Switzerland, Phone: +41 91 811 86 72, Fax: +41 91 811 85 02,
E-mail: luca.giovanella@eoc.ch. https://orcid.org/0000-0003-0230-
0974
Juergen Kratzsch, Institute for Laboratory Medicine, Clinical
Chemistry and Molecular Diagnostics, University Hospital, University
of Leipzig, Leipzig, Germany
Nikola A. Baumann, Department of Laboratory Medicine and
Pathology, Mayo Clinic, Rochester, MN, USA
Ferruccio Ceriotti, Clinical Laboratory, Fondazione IRCCS Ca’ Granda
Ospedale Maggiore Policlinico, Milan, Italy. https://orcid.org/0000-
0002-0958-5354
Zhong X. Lu, Department of Medicine, Monash University, Victoria,
Australia
Matthias Schott, Division for Specific Endocrinology, Medical Faculty,
University of Düsseldorf, Düsseldorf, Germany
Antonius E. van Herwaarden, Department of Laboratory Medicine,
Radboud University Medical Center, Nijmegen, The Netherlands
José Gilberto Henriques Vieira, Division of Endocrinology, EPM/
UNIFESP and Grupo Fleury, São Paulo, Brazil
Dusanka Kasapic, Roche Diagnostics International Ltd., Rotkreuz,
Switzerland

Clin Chem Lab Med 2020; aop

Open Access. © 2021 Juergen Kratzsch et al., published by De Gruyter. This work is licensed under the Creative Commons Attribution 4.0
International License.

https://doi.org/10.1515/cclm-2020-1696
mailto:luca.giovanella@eoc.ch
https://orcid.org/0000-0003-0230-0974
https://orcid.org/0000-0003-0230-0974
https://orcid.org/0000-0002-0958-5354
https://orcid.org/0000-0002-0958-5354


FT4 measurement methods are generally classified as
direct or indirect. Direct methods employ physical sepa-
ration of the free hormone from the protein-bound hor-
mone in the sample using techniques such as equilibrium
dialysis (ED) or filtration. The separated FT4 fraction is
then measured, usually by liquid chromatography (LC)
with tandemmass spectrometry (MS) [13]. Indirectmethods
are widely used in clinical laboratories and measure
FT4 on automated immunoassay platforms, which utilize
different competitive assay formats to selectively measure
non-bound FT4 without disrupting the protein-bound
thyroxine [14].

FT4 immunoassays are known to present challenges
associated with measuring low concentrations of biologi-
cally active free thyroid hormone relative to total hormone
concentration. The analytical challenge is to measure FT4
itself without disturbing the equilibrium of thyroxine and
its binding proteins. With current FT4 immunoassays,
changes in binding protein concentrations can signifi-
cantly influence the test results in a method-dependent
manner, and potential inaccuracies at low or high con-
centrations commonly observed in individuals with hypo-
and hyperthyroid may lead to misclassification of patients
[15]. The inverse log-linear relationship between FT4 and
TSH was significantly better when FT4 was measured
directly by LC-MS/MS than by an indirect immunoassay,
especially in subjects with normal TSH values [16]. These
limitations are more profound in conditions where binding
protein concentrations can be significantly altered, such as
acute illness, pregnancy [17], and hereditary variants in the
structure of thyroxin-binding globulin, albumin, or trans-
thyretin [18].

In addition to these analytical limitations, FT4 test
results are known to vary between assays from different
manufacturers. Data from the International Federation of
Clinical Chemistry and Laboratory Medicine (IFCC) Com-
mittee for Standardization of Thyroid Function Tests
(C-STFT) have demonstrated differences in results across 13
FT4 assays [19]. For example, the median (range) bias
was −24% (−14% to −42%) for samples in the 9–27 pmol/L
range (prior to recalibration to a reference measurement
procedure [RMP]) [19]. This finding is also evidenced in a
study of FT4 result distributions of more than 600,000
routine clinical samples by two different FT4 assays
(Figure 1, unpublished data, courtesy of José Gilberto
Henriques Vieira).

Global standardization would allow traceability of re-
sults back to a common standard and improve the
comparability of FT4 measurements between assays,
providing the basis for the development of common refer-
ence intervals, decision limits, and standards of medical

care. However, there are substantial challenges in
achieving global standardization. It requires establishment
of an RMP, recalibration of existing assays by all manu-
facturers and going through comprehensive approval
process by regulatory bodies, and determination of refer-
ence intervals. In addition, commutability of the FT4
reference material in different analytical platforms
compared with clinical samples from specific patient
groups with altered binding protein concentrations, such
as pregnant women, would also need to be examined post-
standardization. Standardization would significantly
change FT4 numeric results in many laboratories; there-
fore, a substantial education programwould be required to
explain the changes to laboratories, clinicians, and pa-
tients [20]. This review was developed following an expert
panel meeting of clinicians and laboratory specialists who
convened to discuss the current landscape in FT4 testing,
and the potential advantages and challenges associated
with global FT4 standardization.

Here we review the path to standardization of FT4 as-
says, including a summary of the achievements in the

Figure 1: Distribution of FT4 results from routine tests across two
commercial immunoassays (A and B) in 2017 (unpublished data
provided by José Gilberto Henriques Vieira).
Internal quality control procedures were used to derive precision
estimates for each assay (produced by EP Evaluator software, Data
Innovations LLC). Besides internal QC, methods were submitted to
external QC programs, the PELM: Programs of External Quality
Control from the Brazilian Society of Pathology, and College of
American Pathologists – CAP Surveys. Within-run and between-day
coefficients of variation (respectively) for themethod A assay were 6
and 3.9% at amean value of 6.9 pmol/L, and 4.7 and 1.4% at amean
FT4 value of 28.5 pmol/L; corresponding estimates for the method B
assay were 2.4 and 1.4% at a mean FT4 value of 11.7 pmol/L, and 1.6
and 0.9% at a mean FT4 value of 30.9 pmol/L. Normal ranges
(5th–95th percentile values of cumulative data) were 7.7–16.6 pmol/
L (method A) and 11.5–21.8 pmol/L (method B). FT4, free thyroxine;
QC, quality control.
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process so far and our collective expert opinion on the
challenges ahead.

Why standardize?

The core aim of immunoassay standardization is to estab-
lish metrological traceability and ensure that analytical
results are comparable across assays, laboratories, and
time. The standardization process requires a reference
measurement system for use as calibration hierarchy; then,
the calibrated assays used across different laboratories will
provide measurements that are traceable to the top of the
hierarchy within stated uncertainty constraints (Figure 2)
[21].

The current lack of standardization of FT4 immuno-
assays leads to several challenges in the reporting and
interpretation of patient test results. Patients may visit
multiple health facilities that use different laboratories
with varying testing methods for FT4, and clinicians from
the separate facilities may discuss results without realizing
that different methods have been used (as modifications to

assay methodology are often not reported). Furthermore,
over time, new measurement methods may be introduced,
and laboratories may change the method used; for
instance, when new analytical equipment is implemented.
Global standardization of FT4 immunoassays would
therefore result in a number of benefits, including the
traceability of results back to a common standard,
improved comparability of results between different plat-
forms and vendors, and increased confidence in the use of
common reference limits and/or decision limits for FT4
laboratory data in clinical decision-making.

Standardization and reference limits

Reference intervals for FT4 are population-specific and can
therefore vary considerably, even between laboratories
using the same assay. One study reported a difference of
14% in the lower reference limit and 6% in the upper
reference limit between an institution’s own FT4 method-
specific intervals and those quoted by the assay manu-
facturer [22]. Differences in reference intervals may be due
to variations in reference population definitions (e.g., dif-
ferences in inclusion/exclusion criteria based on labora-
tory parameters) or due to intrinsic differences between
populations (e.g., ethnicity, diet, genetics). Some FT4
reference interval studies have only included FT4 values
from healthy subjects with TSH concentrations within the
reference intervals for TSH [23] thereby potentially intro-
ducing population bias. Moreover, manufacturers may use
different percentile cut-off values to represent their lower
and upper limits. Currently, the percentiles used for the
reference intervals differ between covering the central 95%
distribution (2.5th–97.5th percentile) to the central 99%
distribution (0.5th–99.5th percentile) (Table 1) [24]. The
former is recommended by the Clinical and Laboratory
Standards Institute [25]; using a broader reference interval
might result in inadequate detection of subclinical cases.
Overall, although the clinical utility of different FT4 im-
munoassays can be addressed by usingwell-defined assay-
specific reference intervals and/or clinical decision limits,
this does not provide comparability of results between
laboratories that use different testing platforms. In addi-
tion, using reference ranges and clinical decision limits
proposed in literature without taking into account differ-
ences between specific assays may reduce confidence in
clinical decision making.

The use of different reference populations, inclusion/
exclusion criteria, and percentiles as cut-off values for
reference intervals may also be addressed during the
standardization process, leading to the establishment of

Figure 2: FT4 reference measurement system [21].
The C-STFT proposed an international “conventional” RMP for FT4
based on ED combined with direct determination of the thyroxine
concentration in the dialyzate with a trueness-based RMP utilizing
ID-LC/tandemMS. The proposed FT4measurement system provides
full metrological traceability from any given patient (patient xyz) and
any given assay (assay xyz) back to the original reference materials.
C-STFT, Committee for Standardization of Thyroid Function Tests;
ED, equilibrium dialysis; FT4, free thyroxine; ID, isotope dilution; LC,
liquid chromatography; MS, mass spectrometry; RMP, reference
measurement procedure; SI, international system of units.
Reproduced from the IFCC C-STFT article “Standardization of FT4 and
FT3 measurements”. https://ifcc-cstft.org/standardization-of-
FT4-and-FT3-measurements [21]. Copyright 2019, with permission
from the IFCC.
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universal, or at least population-specific, reference limits.
These limits would be determined using results from target
populations [26], although the definition of standard in-
clusion and exclusion criteria for the purposes of thyroid
hormone assays must also be established.

It should be noted, however, that alterations in bind-
ing protein levels seen in different physiologic variables
have varying impact on different manufacturer FT4 im-
munoassays. It may still require assay-specific interpreta-
tion or alternative approaches post-standardization in
some physiological conditions such as pregnancy, drug
interactions, or presence of binding protein inhibitors in
non-thyroidal illness. Thus, standardization efforts should
include diverse patient populations.

FT4 testing in pregnancy

FT4 testing in pregnancy is challenging [27]. Dynamic changes
in thyroid function during normal pregnancy due to rising
human chorionic gonadotropin levels, as well as a number of
other pregnancy-related physiologic changes, such as alter-
ations in albumin and thyroxine-binding globulin concentra-
tions, can all affect FT4 immunoassays [27–30]. Serum FT4
concentrations are known to vary during pregnancy (Figure 3)
[31], and several studies have indicated that non-pregnancy
reference intervals of serum FT4 are not applicable for diag-
nosing thyroid diseases during pregnancy [32]. A longitudinal
studyof 130healthypregnantwomen reported that 36%ofFT4
values recordedduring thesecond trimester fell belowthenon-
pregnancy lower normal limit, and this proportion rose to 41%
in the third trimester [33]. It is generally accepted that non-
pregnancy reference intervals can be used up to and including
week 6 of gestation only [34].

Current FT4 immunoassays vary in their sensitivity to
alterations in binding proteins that occur during pregnancy. A
study of commercial immunoassays in pregnant and age-
matched non-pregnant females showed that mean FT4 con-
centrations (measured by ED and MS) were 8.8% lower in
pregnant females than non-pregnant controls in the late first
trimester, and 29.1% lower in the second and third trimesters
[28]. These findings were then compared with results from
three commercial immunoassays: two of the three commercial
assays produced similar results to the ED-MS analysis, but one
showed no decrease in FT4 in the late first trimester and a less
pronounced decrease in the second and third trimesters (15
and 14.4%, respectively). All the commercial assays were
found tobeaffectedbyalterations in thyroxine-bindingprotein
levels during pregnancy [28]. The 2017 American Thyroid As-
sociation guidelines for the management of thyroid disease
during pregnancy acknowledge that the accuracy of FT4 im-
munoassays are dependent on trimester and assay procedure,

and recommend that trimester- and assay-specific reference
intervals should be applied when measuring FT4 in pregnant
women [35]. While standardization will minimize differences
in FT4 results across assays, inaccuracy of FT4 results due to
different susceptibility of FT4 immunoassays to inaccuracies
due to pregnancy-related alterations in binding proteins will
not be addressed by standardization, so it is likely that chal-
lenges will remain in this population post-standardization.

The expert panel highlights that the pregnant population
requires special consideration post FT4 assay standardi-
zation. Re-establishment of trimester- and method-specific
reference intervals is crucial for the successful imple-
mentation of standardized FT4 testing. Furthermore,
clinicians must be able to confidently interpret the results
of gestational FT4 testing obtained with the new stan-
dardized method.

Table : Reference intervals for different manufacturer FT assays
[].

IVD manufacturer; platform/
immunoassay

Reference inter-
val, pmol/L

Percentile

Siemens healthineers (Tarrytown, NY,
USA); Advia Centaur XP

.–. NR

Abbott Diagnostics (Abbott Park, IL,
USA); ARCHITECT i

.–. %

Ortho-Clinical Diagnostics (Buck-
inghamshire, UK); Vitros ECi

.–. %

bioMerieux SA (Marcy-l’Etoile, France);
Vidas

.–. %

Beckman Coulter Inc. (Brea, CA, USA);
Access 

.–. %

DiaSorin S.p.A (Saluggia, Italy);
Liaison® Analyzer

.–. %

Sichuan Maccura Biotechnology Co.,
Ltd. (Chengdu, China); IS

.–. %

Roche Diagnostics International Ltd
(Rotkreuz, Switzerland); Elecsys®

cobas e 

.–. %

Tosoh Corporation (Tokyo, Japan);
AIA-

.–. %

Snibe Co., Ltd., (Shenzhen, China);
Maglumi 

.–. %

Fujirebio Inc. (Tokyo, Japan); Lumi-
pulse G

.–. %

LSI Medience Corporation (Tokyo,
Japan); STACIA

.–. NR

Sysmex Corporation (Kobe, Japan);
HISCL-

.–. NR

FT, free thyroxine; IVD, in vitro diagnostic; NR, not reported.Modified
from De Grande LAC, et al. Standardization of free thyroxine
measurements allows the adoption of a more uniform reference
interval. Clin Chem ;:– []. http://www.clinchem.
org/. Copyright , with permission.
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Pediatric FT4 testing

Establishing reference intervals in pediatric subjects is
particularly challenging due to the continuous physio-
logic changes that occur throughout childhood [36, 37].
Reference interval studies would need to include multi-
ple age- and sex-specific partitions, requiring many
samples to develop reliable estimates [36]. Most avail-
able pediatric reference intervals have applied statistical
measures to hospital populations to provide estimates,
but the establishment of accurate reference intervals
obtained from a healthy pediatric population is crucial
for the correct clinical interpretation of laboratory re-
sults. FT4 concentrations are higher at birth and
decrease throughout the first year of life [36]. The most
remarkable dynamic change in FT4 levels occurs during
the first week of life, with concentrations rising imme-
diately after birth and peaking at around 24 h (Figure 4)
[38]. This means that the upper reference limit of FT4
may be substantially higher in neonates than in adults.
Given the variation in FT4 concentrations with age, the
expert panel recommends that pediatric reference in-
tervals should be established. Global standardization of
FT4 assays will allow collaborative efforts toward
establishing these reference intervals.

FT4 testing in patients taking levothyroxine

In patients prescribed levothyroxine to treat hypothyroid-
ism, the adequacy of thyroid hormone replacement is
monitored by measuring TSH and/or FT4 levels. The
treatment goal for primary hypothyroidism is to achieve
TSH concentrations within the reference interval. How-
ever, the concentrations of FT4 that correspond to
normal TSH values in this patient population have been
shown to be higher than those in euthyroid subjects [39].
A study of samples from patients taking levothyroxine
showed a clear shift to the right in the FT4 frequency
distribution curve compared with control patients with
no known thyroid disease (Figure 5), and reported that
10.3% of the levothyroxine-treated patients had FT4
concentrations above the manufacturer’s upper refer-
ence limit, alongside a normal TSH measurement [40].
As FT4 standardization is expected to increase numeric
FT4 results, measurements for patients taking levo-
thyroxine should consider the expected higher FT4
levels in these patients. Increasing the upper limit for
this population would reduce inappropriate flagging of
FT4 results and prevent unnecessary levothyroxine dose
adjustment.

The expert panel recommends that specific intervals
for patients on levothyroxine therapy should be considered
during the FT4 standardization process. However, it is
important to note that patient-related factors such as var-
iations in thyroid hormone receptor sensitivity, age, and

Figure 4: Distribution of FT4 concentrations in the first 7 days of life
in neonates without known thyroid disease with one episode of
thyroid function testing; FT4 concentrations rise immediately after
birth and peak at around 24 h [38].
FT4, free thyroxine. Reproduced from JayasuriyaMS, et al. Reference
intervals for neonatal thyroid function tests in the first 7 days of life.
Journal of Pediatric Endocrinology & Metabolism 2018;31:1113–6
[38]. Copyright 2019, with permission.

Figure 3: Serum FT4 concentrations measured by immunoassay
during each trimester of pregnancy and postpartum (n=60) by TSH
level in trimester 1 [31].
Error bars represent the 5th and 95th percentiles per trimester.
Dashed lines represent non-pregnant lower and upper reference
limits. All analyses were performed on a cobase 601 analyzer (Roche
Diagnostics). *p<0.0001 vs. Tr1; **p<0.01 vs. Tr1; FT4, free thyroxine;
NS, not significant; PP, postpartum; Tr, trimester; TSH, thyroid
stimulating hormone. Reproduced from Joosen AM, et al. TSH and
FT4 during pregnancy: an observational study and a review of the
literature. Clinical Chemistry and Laboratory medicine
2016;54:1239–46 [31]. Copyright 2019, with permission.
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gender add further complexity to the challenge of estab-
lishing limits in these patients. In practice, most patients in
this setting would be monitored via their TSH levels and
only those with central hypothyroidism would require FT4
monitoring.

The road to standardization: what has been
achieved so far?

In collaboration with the in vitro diagnostic (IVD) industry,
the IFCC C-STFT initiated an evaluation of the quality and
comparability of commercial FT4 assays [41]. These
method comparison studies demonstrated that the assays
were of good quality but reported differences between
assay results [42]. However, the comparison studies mostly
used samples from healthy donors and few samples from
patients with thyroid disease. Therefore, the C-STFT un-
dertook a further method comparison study using a wide
variety of samples from patients with thyroid disease to
explore the potential impact of standardization across the
clinically relevant FT4 concentration range [19]. The au-
thors reported that all of the 13 tested FT4 assays were
negatively biased in the mid-to-high concentration range,
with a maximum inter-assay discrepancy of around 30%.
In the low concentration range, the maximum inter-assay
discrepancy was approximately 90%. Recalibration had a
substantial impact on the tested assays; inter-assay dif-
ferences were eliminated, and the remaining data

dispersion was almost entirely due to within-assay error
(Supplemental Figure 1) [19].

As standardization relies on a robust RMP, it is critical
to optimize the RMP and control for known analytical
challenges. The C-STFT has developed an international
conventional RMP for the measurement of FT4 concentra-
tions in serum using pmol/L units at physiologic pH 7.40
and temperature 37 °C, to ensure that the measurement
accurately reflects the concentration of FT4. For free thy-
roid hormones, themeasurement proceduremust include a
physical step for separation of the free hormone from
bound fraction (e.g., by ED). Due to this separation step, it
is not possible to unequivocally show that the thyroxine
concentration in dialyzate is identical to the true free hor-
mone concentration in the original sample, even if ED is
performed under ideal physiologic conditions. The C-STFT
therefore proposed a conventional RMP for FT4 based on
ED ID-LC/tandem MS. The convention refers to the ED part
of the RMP, which must strictly adhere to a predefined
procedure [21, 43].

The proposed RMP for FT4 testing is being validated
and optimized by a network of reference laboratories in
Belgium, The Netherlands, Japan, and the USA. A study
involving 13 different commercial FT4 assays recalibrated
against the RMP showed that recalibration significantly
reduced FT4 immunoassay bias, and that the reference
interval determined by the RMP was suitable for common
use within a margin of 12.5% (Supplemental Figure 2) [23].
This outcome represented substantial progress in the
standardization of FT4 measurements.

The road to standardization: what next?

The work of the C-STFT project on FT4 assay recalibration
has advanced the field significantly, but substantial work
is still required before global standardization can be ach-
ieved. The current RMP for FT4 testing is technically
demanding and longitudinal consistency is challenging;
work is ongoing across the reference laboratories to
address the technical issues and optimize the procedure.
The IFCC C-RIDL have identified various challenges for
harmonizing reference intervals and have sequentially
determined several strategies to overcome them [44].
Ongoing projects include: a study to compare alternative
approaches for the determination of reference intervals; a
website to provide the reference intervals obtained from a
global study performed by C-RIDL for practice of Evidence
Based Laboratory Medicine; and a publication on the
distinction of Reference Intervals and Clinical Decision
Limits [44]. Additionally, there are various national

Figure 5: Distribution of FT4 in people taking levothyroxine
(n=3725) and in normal controls without known thyroid disease
(n=649).
There is a clear shift to the right in the FT4 frequency distribution
curve in the levothyroxine group compared with control patients
with no known thyroid disease [40]. FT4, free thyroxine. eproduced
from Lu ZX, et al. Should there be separate free thyroxine reference
limits for thyroxine-treated patients? The Clinical Biochemist
Reviews 2016;37:S40 [40]. Copyright 2019, with permission.
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initiatives ongoing in countries such as Canada, Ireland,
the United States of America, and South Korea, to establish
better reference intervals [45−48]. Reference value studies
will have to be performed in several different populations,
including adults, children, neonates, pregnant women,
and people taking levothyroxine. Age-adjusted reference
intervals may also be necessary. Studies to provide com-
parisons of current standardized IVD company methods
with the C-STFT reference method will also be required,
and the recalibration equation for each manufacturer will
have to be certified and monitored for stability over time.
Crucially, the clinical decision limits used in practice
guidelines will have to be re-evaluated.

The regulatory requirements associated with the
recalibration of assays will also have to be considered
before standardization can be implemented. The C-STFT
has contactedmajor regulatory agencies to establish what
they will require from IVD manufacturers who recalibrate
their assays. New published guidelines for FT4 testingwill
be required following standardization, and country-
specific guidance will also have to be updated. The
expert panel acknowledges that there is a risk that the
changes in numeric measurement values and reference
intervals after standardization could result in misinter-
pretation of laboratory data. Therefore, a major challenge
in the process of standardization will be to educate and
prepare laboratories, clinicians, and patients for the new
methods in FT4 testing and the changes in FT4 results. As
a first step in the process of education, the C-STFT has
contacted national laboratory societies, general practi-
tioners, endocrinologists, thyroidologists, laboratory
specialists, nurses, and patient organizations to create
awareness of the standardization process, summarize
the achievedmilestones, and to seek their input [20]. The
responding stakeholders supported the need for stan-
dardization but highlighted the potential risks to patient
safety and clinical outcomes arising from major changes
in numeric values and reference intervals.

The overall recommendation of the expert panel is that
education of FT4 standardization should be at three levels,
to be overseen by an international working party led by the
IFCC: (i) guidelines and expert recommendation published
in journals; (ii) congress communication; (iii) laboratory
communications in the local community.

IVD manufacturers have a crucial role in working
together to implement the change in a coordinated
manner. They should also take responsibility for providing
literature to laboratories to explain the standardization
process in terms of why it is necessary, when the changes
will come into effect, and how the transition will be
handled. It would also be desirable for IVD companies to

facilitate user group meetings to help laboratory pro-
fessionals understand the changes and enable them to
communicate the information to healthcare professionals.
For successful standardization, the process will have to be
discussed, shared, and promoted via national and inter-
national societies for laboratory medicine and clinical
endocrinology. Journal articles and meetings organized by
scientific societies will be crucial to explain the changes
and illustrate the differences in FT4 numeric values before
and after standardization. Inter-society and inter-
disciplinary meetings will ensure that the information is
disseminated effectively across all stakeholders. At a local
level, case studies could be presented and discussed to
illustrate the changes. It is important that these educa-
tional programs also include information about what
standardization will not achieve (e.g. binding protein ef-
fects or interferences due to factors present in samples from
individual patients, including biotin, will not be solved by
standardization). Concise pocket guides or webpages
containing the most important practical information (e.g.,
old and new reference intervals) may be useful for
stakeholders while they are adjusting to the new
methods. Patient education about FT4 standardization
should primarily be provided by clinicians who can
explain what it means for the patient in terms of numeric
changes in FT4 concentration results. A simple explan-
atory booklet should also be considered for distribution
via healthcare professionals and patient associations.
A key strategy would be the development of an educa-
tional FT4 standardization website that caters for all
the different stakeholders (i.e., manufacturers, labora-
tories, clinicians and other healthcare professionals,
researchers, and patients).

How should the transition phase be
handled?

The expert panel recognizes that the changes associated
with FT4 standardization may pose a particular risk to
patient care during the transition phase. The standardized
FT4 values will be significantly higher than current values,
meaning that the numeric FT4 value for the upper limit of
normal after standardization will be above the current
critical limits for clinical action. To mitigate problems
during the transition phase, clinicians need to be fully
informed of the changes, and the expert panel recom-
mends that laboratory experts should explain the changes
to clinicians.

During the transition phase, FT4 results could be
expressed in both old and new values with the old and new
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reference intervals included on the patient reports. De-
cisions on how best to report results during the transition
phase will likely be a matter for discussion between labo-
ratories and clinicians; however, in either case, conversion
factors should be provided to facilitate comparisons be-
tween old and new test results.

Has assay standardization been successfully
achieved before?

When contemplating the standardization process for FT4
testing, it is prudent to review previous examples of assay
standardization to mitigate potential pitfalls and plan for
the challenges ahead. Assays for glycated hemoglobin
(measured as HbA1c) became widely used for diabetes
monitoring in the mid-1990s, but there were significant
differences in test results between laboratories due to the
diverse range of methods being used and the lack of a
primary reference material [44].

National HbA1c standardization programs were
established in the USA, Japan, and Sweden, but the lack
of internationally recognized and accepted reference
materials and procedures meant that accuracy and
comparability of HbA1c measurements could not be
guaranteed at a global level [49]. In 1994, the IFCC
established a Working Group on HbA1c Standardization
and developed two equivalent reference methods as well
as primary reference materials [50]. The reference
methods were accepted by the National Societies of
Clinical Chemistry and published in 2002 [51]. In 2004, the
IFCC recommended that all manufacturers of equipment
used in HbA1c assays should calibrate their methods to
the IFCC reference methods [52].

HbA1c standardization significantly changed the
numeric results provided to clinicians, causing concern
from specialists that reporting the standardized HbA1c
values might lead to misinterpretation of the degree of
glycemic control and cause confusion for clinicians and
patients. It was feared that during the transition phase,
there would be a worsening of glycemic control, resulting
in adverse clinical outcomes for patients [50].

Almost 15 years after the acceptance of the IFCC
reference methods, assay manufacturers have now cali-
brated their HbA1c assays to the highest international
standard, although adoption of the new unit and reference
intervals is still slow outside of Europe [52]. In the USA, the
National Glycohemoglobin Standardization Program
(NGSP) has led standardization efforts since 1996 [53]. The
NGSP and IFCC approaches to the standardization of
HbA1c results serve different, but complementary,

purposes. The primary objective of IFCC standardization is
to ensure that manufacturers are traceable to an accuracy
base, but there is no limit on the degree of uncertainty
allowed between a manufacturer’s method and a reference
method-assigned value. The NGSP also defines acceptable
limits for method performance that are based on clinical
need; for example, recommendations for diabetes care by
clinical societies [53]. There is now an ongoing collabora-
tion between the IFCC and NGSP to ensure that the rela-
tionship between the twonetworks remains consistent over
time.

HbA1c results are still commonly being reported in
different units (mmol/mol vs. percent), but standardization
has reduced assay bias and HbA1c results are now more
comparable between different laboratories [52]. As a result,
a single common cut-off value of 48 mmol/mol (6.5%),
regardless of the assay methodology is accepted as one of
the diagnosis criteria for diabetes [52].

The HbA1c standardization project has faced sub-
stantial challenges in implementing the IFCC recom-
mendations globally, despite effectively engaging with
clinicians, biochemists, external quality assessment or-
ganizers, patient groups, andmanufacturers to undertake
a large-scale educational program [49]. Accordingly, a
deadline for maintaining both old and new reference in-
tervals should be defined in order to avoid differences and
confusion. Several differences may help expedite FT4
standardization, compared with efforts applied to the
HbA1c test. There is only one established standardization
protocol, and standardization will not change the units
used to express FT4 test results. Although a variety of
different approaches are used, most commercially avail-
able FT4 assays are immunoassays, whereas a variety of
very different technologies are used to measure HbA1c.
On the other hand, it should be considered that the
different approaches used for the measurement of free
hormones (i.e., one step, two step, homogeneous phase,
etc.) entail considerable differences in the sensitivity to
different thyroid conditions for which the measurement is
carried out. FT4 has less clinical significance and is
probably less commonly requested than HbA1c. Conse-
quently, the use of accuracy grading in proficiency
testing, which was successful in aligning HbA1c assays
[54], as well as the adoption of educational programs, will
probably be more effective in achieving standardization.

Summary

The expert panel agreed that standardized immunoassays
are required to address modern clinical and public
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health needs, and to increase healthcare professionals’
confidence in safely using laboratory data for clinical
decision-making. Standardization of FT4 testing will
facilitate accurate interpretation of laboratory thyroid
function data, thus ensuring optimal patient care.

The panel also acknowledged that standardized FT4
testing will translate into changed clinical decisions in a
relatively small minority of cases, meaning that some
stakeholders may question whether the effort and re-
sources required for standardization outweigh the clin-
ical benefit. It is essential that all stakeholders are
engaged and aligned for standardization to be success-
fully achieved.

Conclusions

Significant progress has already been made in the stan-
dardization of procedures for FT4 testing, but technical and
implementational challenges remain, including estab-
lishment of clinical decision limits in different patient
populations and education of all stakeholders. The expe-
riences of previous standardization programs give a valu-
able insight into the potential problems that may arise and
allow us to plan strategies to overcome them. Without
strong involvement from clinical societies or the adoption
of clinical guidelines and standards in the endocrinology
community, the education and acceptance of standardized
FT4 values will not work.
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